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Abstract
Background—JC virus (JCV) seropositivity is a risk factor for progressive multifocal
leukoencephalopathy (PML) in patients on natalizumab. Accordingly, the JCV serological
antibody test is of paramount importance in determining disease risk.

Methods—We tested the accuracy of the JCV serum antibody test by comparing the results of
JCV serology to JC viruria and viremia in 67 patients enrolled in a single-center, retrospective
cohort study. Bodily fluids (urine and blood) were assessed for JCV DNA by real time
quantitative polymerase chain reaction 6 to 47 months earlier (mean 26.1 months) before JCV
antibody testing. In 10 individuals, blood and urine samples were obtained on two separate
occasions at 6 month intervals.

Results—Forty (59.7%) of the 67 patients were JCV seropositive. Of 27 JCV seronegative
patients, 10 (37%) had JC viruria. Urine JCV DNA copy numbers were significantly higher in the
seropositive group (mean log copy number: 5.93; range 1.85 – 9.21) than the seronegative group
(mean log copy number: 2.41; range 1.85 – 5.43) (p=0.0026). Considering all body fluid test
results, 50 (74.6%) of the 67 patients were previously infected with JCV.

Conclusions—The false negative rate of the JCV serology in this study was 37%; therefore,
JCV serostatus does not appear to identify all patients infected with JCV. Thus, a negative JCV
antibody result should not be conflated with absence of JCV infection. This discordance may be
important in understanding JCV biology, risk for PML and PML pathogenesis.
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Introduction
Progressive multifocal leukoencephalopathy (PML) remains a significant risk in individuals
receiving natalizumab. The initial risk estimate based on the seminal three cases1–3 was that
approximately 1 in 1000 persons would develop PML after a mean of 17.9 months.4 With
greater experience, that risk estimate has been refined. As of January 2, 2013, there have 323
confirmed cases of natalizumab-associated PML among more than 108,000 patients
exposed. The risk appears to peak after 24 months and can be stratified not only on the basis
of duration of natalizumab therapy, but also with prior exposure to immunosuppressive
therapies and whether an individual is JC virus (JCV) antibody positive or negative.5 In
persons who are JCV seronegative, the estimated risk of PML is <0.09/1000, whereas, in
JCV seropositive patients with no prior immunosuppression, the risk is approximately
0.56/1000 at 1 to 24 months of therapy and 4.6/1000 after >25 months of therapy.5 The risk
is substantially higher in JCV seropositive patients with prior immunosuppression and is
estimated to be 1.6/1000 at 1 to 24 months of therapy and 11.1/1000 with longer durations
of treatment.5

JCV, the etiological agent of PML, is ubiquitous6 and is frequently isolated from the urine
of otherwise healthy individuals.7–9 The mechanism of contagion remains uncertain, but the
evidence points to PML resulting from the recrudescence of a latent or persistent JCV
infection rather than the consequence of newly acquired infection.10 Early serological
studies for JCV infection employing hemagglutination inhibition assays11 indicated that
approximately 10% of children to age 5 were seropositive and 40–60% adults.12–14 More
refined serological studies using immunoassays for JCV show rates varying between 35%15

and 91%16 among adults. In as much as the seminal step for the development of PML is
acquisition of JCV infection, a reliable serological test is of paramount importance in
determining disease risk.

Methods
As of October 26, 2011, 120 patients had enrolled in the STRATIFY II study of JCV
antibody in patients with multiple sclerosis (MS) at the University of Kentucky College of
Medicine. The Stratify II study was designed to assess the presence of JCV antibody in the
blood and risk of PML while under treatment with natalizumab. The study was supported by
BiogenIdec. Sixty seven of these patients had been previously enrolled in a study that
examined the effects of MS disease modifying therapies (DMTs) on JCV expression and
viral copy numbers in blood and urine.17 This study was supported by EMD Serono. Blood
and urine samples had been obtained from patients 6 to 47 months (mean 26.1 months)
before their enrollment in the Stratify II study. Blood and/or urine specimens for JCV
serology were obtained at a second visit six month later from ten patients. Both studies were
approved by the University of Kentucky Institutional Review Board.

The JCV antibody test was performed as part of the STRATIFY II study. Blood was shipped
to Covance Laboratories, Indianapolis, Indiana. Tests were performed on serum using a 2-
step assay consisting of an enzyme-linked immunosorbent assay and supplemental
confirmation test that used soluble JCV virus like particles to pre-absorb antibodies against
JCV prior to evaluation.18 The false negative rate has been reported to be 2.5%.18

Quantification of JCV DNA in blood and urine was performed by real time quantitative
PCR (qPCR). Total DNA was purified from enriched buffy coat, derived from the
equivalent of 1.5 ml whole blood, using the QIAGEN Blood kit and eluted in 200 μl buffer
AE. Total DNA was purified from 1 ml urine using the QIAamp Viral RNA Minikit and
eluted in 70 μl water. Ten μl of purified DNA was subjected to qPCR using primers and
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probes specific for JCV detection, i.e., the large tumor (T) antigen as described by
MacKenzie et al.19 The JCV probe was labeled at the 3′ end with the quencher
fluorochrome, 6-carboxytetramethyl-rhodamine (TAMRA) (PE Applied Biosystems). The 5′
end of the probe was labeled with the reporter fluorochrome, 6-carboxy-fluorescein (6-
FAM). Real time-PCR was performed on an ABI Prism 7700 Sequence Detection system
(PE Applied Biosystems). Cycling parameters were 50°C for 2 min, 95°C for 10 min, and 40
cycles of 95°C for 15 s and 60°C for 1 min. Each PCR run contained negative controls,
including reaction mixtures without DNA template and several specimens that were known
to contain no JCV DNA. Positive controls consisted of a 10-fold dilution series (1 X 10° to 1
X 106 genome equivalents per reaction) of cloned JCV (MAD1 plasmid) sequences kindly
provided by E.O. Major (NINDS). Each specimen was analyzed in duplicate. Results were
scored positive if either reaction yielded a threshold cycle value (Ct) above the limit of
detection for the standards. In the few cases in which amplification was detected in only one
of the replicate reactions, the qPCR assay profiles were manually inspected to ensure true
logarithmic amplification curves. No such amplification curves have been obtained in
hundreds of negative control assays (data not shown). PCR product was reliably detected in
the control standards containing 10 copies/μl of purified JCV DNA template allowing for
high confidence quantification of samples at or above this concentration (i.e., limit of
quantitation was 700 copies/ml of urine). At lower template concentrations (i.e., 1 copy/μl,
10 copies/assay) detection of qPCR product was variable (hit or miss), indicating that the
limit of detection (LOD) was 70 copies/ml of urine. Quality control of these assays was
performed in conjunction with the help of E. O. Major (NINDS) as previously reported.17

Patients were classified as JCV positive if at any time test results showed positive antibody
or viremia.

Results
Sixty seven patients with MS participated; 45 (67%) were women and 22 (33%) were men
with ages ranging from 22 to 68 years (mean 43.2 and 48.5, respectively). Blood was
available from all subjects at all visits; 10 provided blood at two visits. Sixty two patients
provided urine samples; 9 provided urine at two visits. Serology was performed 6 to 47
months (mean 26.1 months) after the first urine and blood samples were obtained. Forty
patients were antibody positive and 27 were antibody negative (Figure 1). JCV serostatus
was indeterminate on the first step of the antibody assay in 12 subjects; 3 of these were
seronegative on the second step of the assay and 9 were seropositive. JCV DNA was
detected in the urine from ten (37%) of 27 patients who were antibody negative and in the
urine from 23 (66%) of the 35 patients who were antibody positive and provided urine. No
gender differences were detected. Viral copy numbers in urine ranged from 70 copies/ml to
1.62 × 109 copies/ml. Only one blood sample was positive for JCV DNA (at the limit of
detection and less than the level of quantitation) Of those sera which were “indeterminate”
on the first step; one of the 3 JCV seronegatives had detectable JCV in the urine as did 4 of
the seropositives.

Thirty three (53.2%) of the 62 patients who provided urine were JCV viruric on at least one
occasion. An additional patient, who did not provide urine at either visit, was JC viremic 39
months before JCV seropositivity was demonstrated. The analysis of these 67 patients is
shown in Figure 1.

Among the 10 JC virus seronegative patients who were JC viruric, viral copy numbers were
significantly lower than in those who were antibody positive. In these 10 patients, antibody
testing was performed 17 to 38 months (mean 29.7) after the first urine and blood samples
were obtained. When detected, JCV DNA copy numbers in this group ranged from 70 to
2.71×105 copies/ml (mean 2.00 ×104; median 70, i.e. LOD). Seven (70%) of 10 patients
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with JCV viruria had less than 700 copies/ml at one or both visits. One patient had 1,150
copies/ml urine at the first visit, but no JCV DNA was detected at the second. Only two
patients who were JCV seronegative had urine JCV copy numbers exceeding 2000 copies/
ml (7,600 and 271,000). In two JCV seronegative patients, urine specimens were positive at
one visit, but not the other. JCV DNA was detected in the urine of 23 (65.7%) of the 35
seropositive patients who provided urine and was detected in the blood of one of the five
patients who did not provide urine. JCV antibody testing was performed 7 to 43 months
(mean 26.6 months) after detection of JCV viruria. In the JCV antibody positive group with
JCV viruria, viral copies per ml ranged between 70 (LOD) and 1.62 ×109 (mean 1.44 ×108;
median 2.36 ×106). Six (26%) of 23 seropositive patients had <700 copies/ml in urine at one
or both visits. In one of these patients, JCV DNA was not detected at the first visit but 1.9 X
107 copies/ml were detected at the second.

JCV DNA was not detected in the urine of twelve (34.3%) of the 35 seropositive patients
who provided urine. The interval between collection of blood and urine and the performance
of the JCV antibody test was 7 to 47 months (mean 27.4 months). Seventeen (27.4%) of the
62 patients who provided urine were JCV seronegative and JCV DNA urine negative. The
time from specimen collection to the performance of the JCV antibody test was 6 to 33
months (mean18.8 months). Therefore, only 27.4% of the study population lacked evidence,
either by JCV antibody or PCR, of prior JCV infection. The mean log10 value of viral copy
numbers/patient/visit in urine in the JCV antibody negative group was 2.66 and the median
was 2.24 (Figure 2). In contrast, the mean log10 value of viral copy numbers in urine of the
JCV antibody positive group was 5.968 and the median 6.99 (p=0.0026 by Wilcoxon rank
sum statistic).

Discussion
The frequency of JCV exposure in the population determined by antibody studies has been
reported between 33% and 91%.18 These differences have been largely ascribed to
differences in assay methods, although other factors may be important. We tested the
sensitivity of a recently described JCV antibody test18 against JCV DNA PCR results from
urine and blood obtained months earlier. Our findings indicate that 74% of the studied
patients had evidence of prior JCV infection by serostatus or viral detection in blood or
urine. The sensitivity of the JCV antibody assay in this study was 63%. Urine copy numbers
of JCV in the falsely seronegative group were significantly lower than in the seropositive
group. Seventy percent had <700 viral copies/ml in comparison to 22% of the JCV
seropositive group. The lower viral copy numbers are consistent with a lesser antigenic
stimulus which may account for the failure to detect antibody in these patients. The
sensitivity of our PCR assay is similar to that of others18, 20 and the specificity of the assay
has been previously demonstrated with controls from Dr. E.O. Major’s laboratory.21, 22

Humoral responses to JCV during treatment with natalizumab appear to remain stable.23

JCV antibody is virtually always detected in association with PML24, 25 Intrathecal synthesis
of antibody to JCV has been suggested as a diagnostic measure for PML24, 26 and rising
intrathecal antibody titers during the course of PML have been described.27 Similarly, rising
serum JCV antibody titers have been observed in individuals developing PML in association
with human immunodeficiency virus (HIV) infection; only 58% of HIV-associated PML
were antibody positive 1–1.5 years before the diagnosis, but 96% were seropositive in the 6
months following diagnosis.28

Our study found a significantly higher frequency of false negatives for the JCV antibody test
than the previously reported 2.5% with an upper confidence limit of 4.4%;18 however, a
second generation JCV antibody test appears to improve detection of low titers of the JCV
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antibody.29 The detection of JCV antibodies by this second generation antibody assay in
29.1% of a French cohort who had been seronegative one year earlier using the first
generation assay30 used in our study suggests that it is substantially more sensitive and is
concordant with our observation. Although the numbers are small, 25% (2 of 8 subjects)
with detectable JCV in their urine were JCV antibody negative in a study designed to
address the effects of corticosteroids on JCV-T cell response.31 We also found a relationship
between the false negative serologies and viral copy numbers in the urine, whereas, the
previous study did not find a correlation between antibody titers as measured by optical
density and urine JCV copy numbers.18 JCV presence in urine is dynamic and a negative
urine PCR for JCV does not preclude infection. As an example of this, only 28.6% of study
participants (2/7) were persistent JCV urine shedders on longitudinally collected urine
specimens.

Despite the number of false negative in this study, the available evidence suggests that the
serum antibody test is a useful method of assessing PML risk. At the time of the initial
description of the methodology,18 17 samples collected before the development of
natalizumab associated PML were antibody positive. Similarly, all 9 patients with
natalizumab-associated PML in a study of JCV antibody in a German MS cohort were JCV
seropositive in blood specimens that had been collected 2.0 to 37.6 months earlier.32 Using
different methodology to detect JCV antibodies, Ryschkewitsch and colleagues found that 3
of 25 PML patients had absent or borderline titers;33 however, all were being plasma
exchanged at the time of blood collection perhaps lowering antibody titers and results of the
2-step ELISA on each was positive.34

As of August 1, 2012, 85 individuals were tested for JC virus antibody by the 2-step ELISA
at least 6 months before the time of natalizumab-associated PML diagnosis.5 Eighty three
(98%) of the 85 were JCV seropositive. One patient was JCV seronegative at 9 months and
seropositive at 6.5 months prior to PML diagnosis.5 Another patient was JCV seronegative 9
months prior to PML diagnosis and not retested.5 A third patient, not included among the
85, was seronegative 15 months before diagnosis, but positive when retested 2 months
before diagnosis.5, 35 There are at least three possible explanations for this event, namely,
that the initial test was insufficiently sensitive and the antibody was simply not detected,
antibodies developed over time during the administration of natalizumab, or the patient was
infected by JCV proximate to the development of PML. While the latter is possible, it is not
particularly likely given the hurdles that must be overcome for the disease to occur.36 That
the shortest interval yet reported from time of natalizumab initiation to the development of
PML is 8 months and the highest incidence for PML is not reached until beyond 24 months
of treatment duration5 suggests that the development of PML with natalizumab is a dynamic
process involving latent or persistent infection.

As in our study, Major and colleagues have detected both JC viremia and cell mediated
immune responses to JCV in seronegative patients, but with a different antibody assay (E.O.
Major, personal communication, April 24, 2012). The negative antibody studies in the face
of JCV detection in the urine 6 to 38 months before the performance of the antibody test is
revealing about JCV biology. This observation and the apparent strikingly reliable predictive
nature of the JCV antibody test for PML suggest that in some, if not all individuals, JCV is
actively replicating and disseminating from sites of latency or low grade persistent infection
prior to the development of PML. In some individuals, antibody titers prior to this event are
below the limits of detection; however, with active viral replication and dissemination,
humoral immunity is amplified as evidenced by an increase in antibody titers.

In the seminal study of the 2-step ELISA for JCV antibodies, approximately 3% of
seropositive patients became seronegative over 5 years 18 and in the German study 4.7%.32
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This variance was attributed to fluctuations of the antibody at the threshold of detection.32

Discordance between antibody positivity and viral detection is not unique to JCV37–39 and
largely reflects the sensitivity of the test, although other factors, such as, timing of infection,
are important.

Our study has several limitations including small sample size, missing samples, the
possibility of seroreversion or seroconversion from recently acquired infection in the months
between JCV PCR and antibody determination, and the episodic nature of JCV urine
expression. Also, our assays were performed using urine and buffy coats, thus by not
assessing sera or plasma, the incidence of JCV viremia may have been underestimated as
these sources may be JCV PCR positive with undetectable JCV in the buffy coat.40

Nevertheless, the results of our study strongly support the need for repeat testing of MS and
other patients on natalizumab whose JCV antibody is initially negative. Performing the test
at 6 month intervals in such persons as has recently been recommended seems prudent;
however, clinical studies may prove that shorter time intervals are needed. Importantly,
while JCV antibody positivity appears to be an excellent test for PML risk stratification, it is
not an efficient means of determining prior JCV infection. This observation suggests that in
falsely negative JCV seronegative person, viral replication during the weeks or months
leading up to PML provides a sufficient stimulus for antibody production to surpass the
threshold of antibody detection. The observation of moderate to high or rising JCV antibody
titers in 22 of 25 patients with PML33 is supportive of this hypothesis.
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Figure 1.
Comparison of JC virus antibody status in serum versus JC virus DNA status in urine.
* - Not all patients provided urine at study visit.
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Figure 2.
Log10 values of urine virus in the JC virus antibody negative and positive groups

JCV antibody negative population (n=10) JCV antibody positive population (n=23)

 Mean log10 value = 2.657  Mean log10 value = 5.968

 Median log10 value = 2.2385(line)  Median log10 value = 6.991 (line)
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